. The distribution of peak velocity across trials and participants in experiment 1. Fig. S9 . The distribution of peak velocity across trials and participants in experiment 2 (withglove/without-glove experiment). Fig. S10 . The distribution of peak velocity across trials and participants in experiment 3 (virtual target experiment). Figure S1 illustrates the convention for the angles of the hand trajectory in Exp 1-3. Negative (positive) angles indicate that the motion path rotated clockwise (counterclockwise) with respect to the sagittal axis of the participant. Figures from S2 to S5 show the raw data and the model fit in Exp. 1-3. The angular deviation from a straight-ahead motion direction was computed from the position data as arctan( / ), where , are the coordinates of the final hand position. Linear Mixed Models (LMMs) have been used to fit the angular deviation of the hand trajectory as a function of the orientation of the grating, as explained in the manuscript. It is worth noting that participants were not following the ridges. If this were the case, the absolute error would have been larger for ± 30 deg stimuli and smaller for ± 60 deg, which was the opposite of what we found. This is further explained in fig. S6 . Fig. S1 . Convention for the angles of the hand trajectory in experiments 1 to 3. Negative motion angles indicate that the hand trajectory was rotated clockwise with respect the body midline (sagittal axis), and vice versa. In other terms, a clockwise rotation means that the hand trajectory deviated rightwards, whereas a counterclockwise rotation means that it deviated leftwards. 
Power Analysis
We used the R package SIMR that is specifically designed for power analysis of LMM models. To run the analysis, we assumed the effect size of the orientation of raised ridge (referred to a "slope" in the manuscript) equal to -0.15. This value was set in accordance with two pilot studies, presented at IEEE World Haptic Conference, 2017, and at BioRob Conference, 2018. First, we set the sample size to 10 participants for a total number of 750 trials; the analysis returned a statistical power above 90%. Next, we reduced the sample size to 450 trials with ridge orientation equal to -60 deg, 0, and 60 deg (as for a single target goal in Exp. 3); the power was still above 80%.
Motion velocity and normal force
We analyzed the motion velocity and normal force in the three experiments. Participants were required to move along the goal direction with a slow self-paced hand movement, and to stop before reaching the farther edge of the plate. Before the experiment, the experimenter performed the movement once to show the participants the approximate range of speed and displacement. Participants were required keeping the normal force below two N. Finger position and speed were recorded with the Leap Motion device (Leap Motion Inc., San Francisco, U.S.) attached to a handle placed above the plate. Normal force was recorded with a load cell (Micro Load Cell, 0 to 780 g, CZL616C from Phidgets, Calgary, AB-Canada) placed below the plate. The load cell was calibrated before each experimental session.
Raw velocity and force data were filtered each using a second order, Butterworth low-pass filter (cutoff frequency equal to 10 Hz). Figure S7 illustrates an example of Velocity (A) and Force (B) data from a representative trial (Exp. 1). Motion velocity was computed as follows. For each time interval, we measured the displacement of the finger on the XY plane as the Euclidean distance between two successive x and y positions. We computed the motion velocity as the ratio between the displacement in a give time-interval and duration of this interval. Figures S8, S9 , and S10show the distribution of peak velocities across trials and participants, in the three experiments. In Exp. 1, the median value was 7.2 −1 (95% percentile range from 4.0 to 19.0 −1 ). In Exp. 2, the median value was equal to 19.3 −1 (95% percentile range from 10.4 to 34.5 −1 ). In Exp. 3, the median value was equal to 25.4 −1 (95% percentile range from 11.8 to 45.4 −1 ). Participants did not receive any feedback about their motion velocity, and this may explain the variability between participants and between the three experiments. Despite the difference in peak velocity, the effect of ridge orientation on the angular error was comparable across the three experiments. Future experiments (for e.g. manipulating the velocity parametrically) are necessary to assess whether the angular error may change with peak velocity. Next, we analyzed the distribution of the force peak and its relationship with the other experimental variables. In approximately 10% of the trials (mostly from participant 3 and 4) the load cell returned negative force values, possibly due to a drift in the calibration during the experimental session. Negative force values were discarded in the following analyses. In Exp. 1, the median value of peak force was 0.89 N (95% percentile range from 0.04 to 1.87 N). Using Linear Mixed Model (LMM), we related the force peak data to the ridge orientation. We interpolated the force peak data by means of a second order polynomial where is the force peak, is the orientation of the ridges, 0 is the random intercept and * the fixed effect parameters, respectively. Grating orientation had little effect on force peak. From LMM we estimated the average value of force peak for a perpendicular (zero) orientation of the stimulus and this was equal to 0.92 ± 0.10 N ( 0 ± SE). The difference in force peak between clockwise and counterclockwise ridges was small and equal to 0.08 N (peak at 60 deg counterclockwise minus peak at 60 deg clockwise) and 0.04 N (peak at 30 deg counterclockwise minus peak at 30 deg clockwise). Next, we investigated whether the motion bias related to the ridge orientation was modulated by the contact force, as follows. We fit the data with a multivariable LMM. The response variable was the motion angle and the two fixed-effect predictors were ridge orientation and average force, and the interaction of the two. This model confirmed a significant effect of ridge orientation ( 1 = 5.9, p = 0.016). Conversely, neither force ( 1 = 0.01, p = 0.9) nor the interaction term ( 1 = 2.1, p = 0.15) were statistically significant. In Exp. 2, peak force was significantly larger in the with-glove condition compared with the bare fingertip condition ( < 0.001). The median value of peak force was equal to 0.84 N without glove and 1.0 N with glove. With glove, the average value of force peak for a perpendicular (zero) orientation of the stimulus was equal to 1.0 ± 0.1 N ( 0 ± SE), and decreased without glove (difference between conditions: 0.18 ± 0.04 N).
In Exp. 3, the average value of force peak for a perpendicular (zero) orientation of the stimulus and this was equal to 0.48 ± 0.06 N ( 0 ± SE), with negligible variations for grating orientation at ±60 deg.
